species. Similar findings have previously been reported for M. piperita (Bricout & Paupardin, 1975) and M. rotundifolia (Bricout et al., 1978) . Many of the calluses accumulate only the early precursors of the monoterpenes (namely geraniol, linalol and lavandulol), but some species give rise to cultures that accumulate monoterpenes characteristic of the intact plant. For example, cell lines from M. spicata x suaueolens accumulate carvone (the major terpene component of both the intact plant and the parent M. spicata) and sesquiterpenes. Maximum accumulation occurs in late exponential phase cells, but accumulation is appreciably higher in liquid suspension cultures than in the corresponding calluses.
Supplementation of the growth medium with citric, fumaric, malic or pyruvic acids leads to a general, but small, enhancement of monoterpene accumulation. In some instances, S0REN DAMTOFT, S 0 R E N ROSENDAL JENSEN and BENT JUHL NIELSEN Department of Organic Chemistry, The Technical University of Denmark, DK-2800 Lyngby, Denmark
The iridoid glucosides are a group of monoterpenoid glucosides present in 6-8% of the dicotyledons. A large number (approx. 250 in 1980; El-Naggar & Beal, 1980) of different compounds of this group is known and the number is still increasing. Iridoid glucosides were early shown to be precursors of the complex indole alkaloids (Battersby & Gregory, 1968) , deoxyloganin (Ib) serving as a key intermediate in the biosynthesis (Battersby & Parsons, 1970; Escher et al., 1970) . Later work by Inouye et al. (1970 Inouye et al. ( , 1972 Inouye et al. ( , 1977 Inouye et al. ( , 1978 suggested that deoxyloganic acid (fa) was an intermediate in the biosynthesis of secoiridoids, iridoids with a carboxylic function at C-4 as asperuloside (3) or lamiide (4), as well as iridoids unsubstituted at C-4, e.g. aucubin (5). In some of these experiments, however, the incorporations were very low; thus the incorporation of l a into 4 in Lamium amplexicaule was only 0.025% (Inouye et al., 1977) . In the light of these results, and with increased knowledge about the structural features of a larger number of iridoids, we considered 8-epi-deoxyloganin (2b) as a likely precursor for compounds with a 8a-methyl group. We have shown earlier (Damtoft el al., 1980) that use of deuterium labelling, followed by *H n.m.r. measurements of the incorporation, is a suitable technique in studies of iridoid biosynthesis, mainly because of the relatively large incorporations obtained. To test the above hypothesis, deuterium-labelled analogues of deoxyloganin (Ib) and its 8-epimer (2b) were fed, in parallel experiments, to Hebenstreitia dentata (Scrophulariaceae) (Damtoft, 198 la) ; only 2b was incorporated into ipolamide (7, 16%) and lamiide (4, 1%), both possessing an 8a-methyl group. For the first time a compound belonging to the 8-epi-iridodial (8) series had been shown to be involved in iridoid biosynthesis.
In Aucuba, Inouye et al. (1972) obtained a 0.5% incorporation of deoxyloganic acid (la) into aucubin (S), a compound that is widespread within Scrophulariaceae and allied families, accompanied by compounds that, in the light of the above results, derive from the 8-epi-series. This suggested to us that two pathways may exist in these plants, or alternatively, that aucubin derives from the 8-epi-series. To investigate this, we administered labelled Ib and 2b to Melampyrum cristatum (Scrophulariaceae), a species producing aucubin (5) and 8-epi-loganin (6) (Damtoft, 19816) ; 2b was incorporated into 6 (5%) whereas neither (2b) nor (Ib) produced labelled 5 in these experiments, most likely due to the presence of the methyl ester function. Using the corresponding acids l a and 2a as precursors in other aucubin-containing species, namely supplementation brings about a qualitative alteration in oil content of the callus. For example, a cell line from M. pulegium, which accumulates some of the precursors of cyclic monoterpenes on normal medium, produces predominantly linalol when cultured in a medium supplemented with l0mM-citric acid. Scrophularia racemosa, Plantago major (Damtoft, 1983) and Buddleya davidii, we have shown that 2a is indeed a very efficient precursor for aucubin (incorporations of 7%, 10% and 5% were obtained), whereas we in no case found any incorporation with la. Feeding experiments with Aucuba were unsuccessful as the plant became necrotic during several attempts.
Bricout
Recent experiments show that the situation is different in species of Rubiaceae. Thus, administration of l a and 2a to Theligonum cynocrambe gave a 2% incorporation of la into asperuloside (3), in accordance with previous results (Inouye et al., 1972) , while no incorporation was observed with the 8-epimer 2 a Separating the iridoids into two groups according to proven or probable biosynthetic derivation from either the 8pmethyl (group 1) or 8a-methyl (group 2) series, we find a surprisingly good correlation with recent Angiosperm taxonomy (Dahlgren, 1980) . Group 1 comprises mostly iridoids derived from deoxyloganic acid (la), including the secoiridoids and the complex indole alkaloids. These compounds are wide-spread in the superorders Corniflorae, Loasiflorae and Gentianiflorae, including a few scattered occurrences in Lamiiflorae. On the other hand, the iridoids from group 2, derived from 8-epi-iridodial glucoside, namely through 8-epi-deoxyloganic acid (24, are with very few exceptions, found only in the superorder Lamiiflorae.
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